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Relationship between Foot Morphology and
Biomechanical Variables of the Lower Extremity
Joints during Vertical Jump
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Objective: The purpose of this study was to measure the morphological characteristics of
the foot and biomechanical variables of the lower extremity joints during vertical jump and
investigate the relationship between foot morphology and biomechanics of vertical jump.

Method: 24 men in their 20s (age: 22.42 +1.41 yrs, height: 173.37 £ 4.61 cm, weight: 72.02 +
6.21 kg, foot length: 251.70 + 8.68 mm) participated in the study. Morphological characteristics
of the foot included the length of the first toe, the length of the second toe, and the horizontal
length from the center of ankle joint to the achilles tendon (Plantar Flexion Moment Arm
[PEMAY]). Biomechanical variables were measured for plantar flexor strength of the ankle joint
and peak angular velocity, moment, and power of the lower extremity joint during vertical
jump.

Results: There was a significant correlation between the length of the first toe and plantar
flexion strength at 30°/s [r=.440, p=.016], the angular velocity of the metatarsophalangeal
[MTP] joint [r=-.369, p=.038] while significant correlations between PFMA and the angular
velocities of the knee joint [r=.369, p=.038] and ankle joint [r=.420, p=.021] were found. There
were also significant correlations between the length of the first toe and the maximum moment
of the hip joint [r=.379, p=.034], and the length of the second toe and the power of the hip
joint [r=-391, p=.029]. Finally, significant correlations between PEMA and the power of the
ankle joint [r=424, p=.019] and MTP joint [r=.367, p=.039] were found.

Conclusion: Based on the results of this study, the length of the toe and PEMA would be
related to the function of the lower extremity joint. Therefore, this should be considered
when designing the functional structure of a shoe. Furthermore, this relationship can be
applied to intensive training for the plantar flexors and toe flexors to improve power in
athletic performance.

Keywords: Vertical jump, Toe, PEMA, Plantar flexion strength, Joint angular velocity, Joint
moment, Joint power
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Table 1. Results of morphological variables of the foot and
biomechanical variables of the lower extremity joints

3. Xt2X 2| Variables Value (n=24)
Foot length (mm) 251.7+8.68
2 dFoMe 2o HEjSH o Z0|& Kinovea &
== e = " 1%t toe (mm) 69.03+4.42
EOHS S50 AHEstlin, +EEE Al 2399 H|0|
E{= Cortex 9.0 (Motion Analysis, USA)E &5t0] =TSt % Foot length 2743151
O, Visual 3D (C-motion, USA)E Edf A, ZE2aH, 2" toe (mm) 62.94+4.55
LR, MTP 2RO X0 4Kk, RHE, IS MESIR % Foot length 25.02+176
C} O] O} BFEZIC O] HISEXO|= OlEIKN DZ23Ho m
(HEY(-) dTHE2 LU (+HLESTE(-), MTP 2HE
0,
2 BUNHOR NP ASHHO wyste @ Erootlendt fodT=LT
XHrandom erronZ E|ASIS}7| 9810 2kt MAED TE Ankle joint plantar flexion strength (Nm)
(Butterworth 2nd order low-pass filte)S AFESIRA 2O, O 30 Deg/s 137.79+25.12
ZEO| AEHFaie= 28 HO[HE 10 Hz, 259 H(0] 120 Deg/s 87.83+26.40
BH+= 100 Hz2 Z+ZF M™HSHALCH
1 22 An ABHA 80 Deg/s 72.50+18.44
== A Isomentric contraction 162.63+31.00
4 071|T'_'ﬂ
Peak angular velocity (Deg/s)
2 A7 8AXE|E SPSS 22.0 (IBM, USA)Z O|&3t) Hip joint 202.84+64.44
Hro| SIENSHA ol (A gkyLaro| 2zl = = .
2to| Z0|, PFMA)QL H=aE ¥ SHXA[E a9
= o SR8 = ° ! Ankle joint 714.61£211.73
A HodY, &, &3, MTP 2HEQ| A0 A&, ZHE,
nhe)It 4EHEAS A B4 H RE wld| ofy MTP joint 24618210339
Kolmogorov-Smirnov Mg d-de A, MTP BHE9| Peak Joint moment (Nm/kg)
ZCH ZRHE Qlof 2= BiQlo] g UFSRALE Y= Hip joint 146+0.53
MO E Ho| OE XMOMS OIS A AbDHE M —
HE T HY BF BrES USRS Al Pearson HEEA Knee joint 210+066
2 HA[StL, oF HOIO|L} & Bol B DHESIX| ZUS Al
o Ankle joint 0.13+0.03
Spearman AZHEMS MABIFOH RAFEL =052 A J
ool BMANR MEE SBASE SO 4T HES MTP joint 003001
oISt A om, AREAHC| A= Reall Parker (2014)Q] 7| Peak joint power (W/kg)
ToR ¥R Hip joint 17.29+5.86
Knee joint 20.74+5.64
RESULTS
Ankle joint 8.36+4.77
1. Zb #ol =xXZq} MTP joint 10.14£9.20
PFMA: Plantar Flexion Moment Arm, FL: Foot Length
Hto| SEfSHA HQolnf W2 atMo| YiHiChasl 23 &hK| 2t Hip, Knee: Extension(+)/Flexion(-), Ankle: Plantar flexion(+)/
xE-|_o_| _/FE!EE )\l _8_%9-15_-!.7&‘1 Eol_|_o_| 7_||. éjgjaiﬂl'f <Table Dorsiﬂexion(—), MTP: FIexion(+)/Extension(—)
1>1F ZCF 2ol HEfsH ol Tl 2 MK 20| CHH
HEZ2 EnastRd, ostX|aEe Z445:, BHE, oi9l= &
M2 KIS MESUCH 2. wo| HEfSHY wolT} LR wultHEE 2l
oA
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Table 2. Correlations between morphological variables of the foot and plantar flexion strength of ankle joint

r(p value)
Morphological variables 30 Deg/s 120 Deg/s 180 Deg/s Isometric
15t toe .409 (.024) .038 (430) 198 (177) 324 (.061)
2" toe 196 (179) -.078 (.358) -.029 (447) 221 (150)
PFMA -.007 (487) -.097 (.326) .096 (.328) 130 (:279)

* Indicate significant correlation (p<.05), PFMA: Plantar Flexion Moment Arm

Table 3. Correlations between morphological variables of the foot and biomechanical variables of the lower extremity joints

r(p value)
Correlations Morphological Biomechanical variables
variables Hip joint Knee joint Ankle joint MTP joint
1t toe -099 (.323) -.228 (1142) -.282 (.091) -.369 (.038)"
Angular velocity 2" toe -.098 (.324) -.298 (.079) -.294 (.082) -.319 (.065)
PFMA 251 (118) .369 (.038)" 420 (.021)" 237 (133)
15t toe .379 (.034)" -.099 (.322) -314 (.068) 144 (.327)
Joint moment 2" toe 150 (.242) =171 (212) =127 (277) 024 (.270)
PFMA .066 (.379) 075 (.364) -.041 (425) 178 (.232)
1t toe -235 (.135) -213 (158) 160 (.228) -.148 (.245)
Joint power 2" toe -.391 (.029)" -.280 (.093) .188 (.190) -.183 (.196)
PFMA 192 (184) 167 (218) 424 (.019)° .367 (.039)"

* Indicate significant correlation (p<.05), PFMA: Plantar Flexion Moment Arm
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